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INHIBITION OF HAIR GROWTH 
The invention relates to a method of 
| reducing unwanted hair growth in mammals. 

A main function of mammalian hair is 
5 to provide environmental protection. However, 
that function has largely been lost in humans, 
in whom hair is kept or removed from various 
parts of the body essentially for cosmetic 
reasons. For example, it is generally preferred 
10 to have hair on the scalp but not on the face. 

Various procedures have been employed 
to remove unwanted hair, including shaving, 
electrolysis, depilatory creams or lotions, 
waxing, plucking, and other cosmetic procedures, 
15 and therapeutic antiandrogens . These 

conventional procedures generally have drawbacks 
associated with them. Shaving, for instance, 
can cause nicks and cuts, and can leave a 
perception of an increase in the rate of hair 
2 0 regrowth. Shaving also can leave an undesirable 
stubble. Electrolysis, on the other hand, can 
keep a treated area free of hair for prolonged 
periods of time, but can be expensive and 
} painful, and it sometimes causes scarring. 

25 Depilatory creams, though effective, typically 
are not recommended for frequent use due to 
their high irritancy potential. Waxing and 
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plucking can cause pain, discomfort, in-grown 
hairs, and poor removal of short hair. Finally, 
antiandrogens -- which have been used to treat 
female hirsutism can have unwanted side 
5 effects. 

It has previously been disclosed that 
the rate and character of hair growth can be 
altered by applying to the skin inhibitors of 
certain enzymes. These inhibitors include 

10 inhibitors of 5-alpha reductase, ornithine 
decarboxylase , S - adenosylme thionine 
decarboxylase, gamma- glutamyl transpeptidase, 
and transglutaminase. See, for example, Breuer 
et al., U.S. Pat. No. 4,885,2 89; Shander, U.S. 

15 Pat. No. 4,720,489; Ahluwalia, U.S. Pat. No. 
5,095,007; Ahluwalia et al . , U.S. Pat. No. 
5,096,911; Shander et al . , U.S. Pat. No. 
5,13 2,2 93; and Shander et al . , U.S. Pat. No. 
5,143,925. 

20 Nitric oxide synthetase forms nitric 

oxide by oxidizing one of the two terminal 
guanido nitrogens in L-arginine. The nitric 
oxide formed by the action of this enzyme is 
implicated in diverse physiological functions, 

25 including smooth muscle relaxation, immune 
system regulation, and neurotransmission. 

It has now been found that unwanted 
mammalian (including human) hair growth, 
particularly androgen- stimulated hair growth, 

30 can be inhibited by topi ^aJ : _aB pli^ca tion of an 
inhibitor of nitric oxide synthetase to the 
skin. The unwanted hair growth which is reduced 
may be normal hair growth which is cosmetically 
reduced, or hair growth that results from an 

3 5 abnormal or diseased condition. 

Preferred inhibitors of nitric oxide 
synthetase include N G -methyl- L-arginine, N G - 
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nitro-L-arginine , N -nitro-L-arginine methyl 
ester, N^-nitro-L-arginine benzyl ester, N- 
acetyl -L- arginine, N - amino - L - arginine , N- 
benzoy 1 - L - arginineamide , N-benzoyl - L - arginine 
methyl ester, N-benzoyl-L-arginine ethyl ester, 
N G - al ly 1 -L- arginine , N° - eye 1 opr opy 1 -L- arginine , 
N - iminoe thy 1 -L-orni thine , L - homoarginine , L - 
argininamide , diphenyleneiodonium, iodonium- 
diphenyl, and di-2 - thienyliodonium. 
10 Irreversible inhibitors of nitric oxide 

synthetase are preferred, although reversible 
inhibitors (competitive and non-competitive) 
also can be used* 

The inhibitor of nitric acid 
15 synthetase preferably is incorporated in a 

topi cal com position or a c osmetic compositio n 
which includes a non-toxic derma toloqically 
acceptable vehicle or carrier which is adapted 
to be spread upon the skin. Examples of 
2 0 suitable vehicles are acetone, alcohols, or a 
cream, lotion, or gel which can effectively 
deliver the active compound. One such vehicle 
is disclosed in co-pending application PCT/US 
93/05068, In addition, a penetration enhancer 

2 5 may be added to the vehicle to further enhance 

the effectiveness of the formulation. 

The concentration of the nitric oxide 
synthetase inhibitor in the composition may be 
varied over a wide range up to a saturated 

3 0 solution, preferably from 0.1% to 3 0% by weight 

or even more; the reduction of hair growth 
increases as the amount of inhibitor applied 
increases per unit area of skin. The maximum 
amount effectively applied is limited only by 
3 5 th rate at which the inhibitor penetrates th 
skin. Generally, the effective amounts range 
from 100 to 3000 micrograms or more per square 
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centimeter of skin. 

The composition should be topically 
applied to a selected area of the body from 
which it is desired to inhibit hair growth* For 
5 example, the composition can be applied to the 
face, particularly to the beard area of the 
face, i.e., the cheek, neck, upper lip, and 
chin. The composition can also be applied to 
the legs, arms, torso or armpits. The 

10 composition is particularly suitable for 

inhibiting the growth of unwanted hair in women 
suffering from hirsutism or other conditions. 
In humans, the composition should be applied 
once or twice a day, or even more frequently, 

15 for at least three months to achieve a perceived 
reduction in hair growth. Reduction in hair 
growth is demonstrated when the frequency or 
hair removal is reduced, or the subject 
perceives less hair on the treated site, or 

2 0 quantitatively, when the weight of hair removed 
by shaving (i.e., hair mass) is reduced. 

Male intact Golden Syrian hamsters are 
considered acceptable models for human beard 
hair growth in that they display oval shaped 

2 5 flank organs, one on each side, each about 8 mm. 

in major diameter, which grow thick black and 
coarse hair similar to human beard hair. These 
organs produce hair in response to androgens in 
the hamster. To evaluate the effectiveness of a 

3 0 particular nitric oxide synthetase inhibitor, 

the flank organs of each of a group of hamsters 
are depilated by applying a thioglycolate based 
chemical depilatory (Surgex) . To one organ of 
each animal 10 ^1. of vehicle alone once a day 
3 5 is applied, while to the other organ of each 

animal an equal amount of vehicle containing a 
nitric oxide synthetase inhibitor is applied. 
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After thirteen applications (one application per 
day for five days a week) , the f lank organs are 
shaved and the amount of recovered hair (hair 
mass) from each is v^ighed. Percent-reduction 
of hair growth is calculated by subtracting the 
hair mass (mg) value of the test compound 
treated side from the hair mass value of the 
vehicle treated side; the delta value obtained 
is then divided by the hair mass value of the 
vehicle treated side, and the resultant number 
is multiplied by 100. 

The above -described assay will be 
referred to herein as the "Golden Syrian 
hamster" assay. Preferred compositions provide 
an inhibition in hair growth of at least about 
35%, more preferably at least about 50%, and 
most preferably at least about 70%, when tested 
in the Golden Syrian hamster assay. 

A number of nitric oxide synthetase 
inhibitors were tested in the Golden Syrian 
hamster assay. The results are presented in 
Table 1. 
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The following assay measures the 
activity of nitric oxide synthetase in hair 
follicles. The assay can be used to evaluate 
the effectiveness of nitric oxide synthetase 
inhibitors in reducing nitric oxide synthetase 
activity. 

Hair follicles from hamster flank 
organ were excised, and an enzyme extract was 
prepared in buffered sucrose solution, pH 7.4, 
using a sonicator device. The sonicated 
extracts were centrifuged at 12,000 x g, and the 
clarified supernatant was analyzed for nitric 
oxide synthetase activity. Specifically, 50 ^1 
of follicle supernatant were added to 150 /xl of 
an assay mixture containing 100 mM tris buffer 
(pH 7.5), 50 jiM cold arginine, 1 /xCi/ml [ 3 H] - 
arginine, 3 mM CaCl 2 , and 1 mM NADPH warmed to 
37 °C, and incubated for 30 minutes at 37 °C. 
Formation of the radiolabelled citrulline, a 
coproduct of nitric oxide synthetase action that 
can be used to provide a measure of the enzyme 
activity, was determined using an HPLC 
methodology capable of separating citrulline 
from arginine. 

More specifically, after termination 
of the enzyme reaction by heating at 95°C. for 5 
min, the reaction mixture was centrifuged at 
12,000 x g for 2 min. A 100 fil aliquot of the 
clarified supernatant containing reaction 
products was injected onto a cation exchange 
column (10 \k Partisil 10-SAX 25 cm x 4.6 mm), 
and then eluted with 0.02 M monobasic potassium 
phosphate buffer (pH 4.5). Under these 
conditions the elution time of citrulline and 
arginine are 6 and 7 min, respectively. The 
HPLC effluent was collected in 1.0 ml fractions 
and the amount of radiolabelled citrulline 
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formed in the assay was determined by 
scintillation counting. The enzyme activity was 
linear with respect to hair follicle extract 
added (i.e., protein concentration), as well as 
the time of incubation. 

Inhibitors of nitric oxide synthetase 
were evaluated as follows. Inhibitors at a 
final concentration of 1 . 0 mM were preincubated 
with the hair follicle enzyme extract (the 
supernatant) . The enzyme activity following 
exposure to the inhibitor was assayed as 
described above. This assay will be referred to 
herein as the "hair follicle nitric oxide 
synthetase inhibition assay." The results are 
15 provided in Table 2. 

TABLE 2 

Inhibition of Hair 
Follicle Nitric 
Oxide Synthetase 

2 0 Test Compound Activity 

N -methyl -L-arginine 100% 

N -nitro-L-Arginine 96% 

N -nitro-L-arginine methyl ester 30% 

N -nitro-L-arginine benzyl ester 55% 

25 Na-acetyl-L-arginine 39% 

Nof -benzoyl -L-argininamide 100% 

Nar-benzoyl -L-arginine methyl ester 100% 

Nor-benzoyl -L-arginine ethyl ester 100% 

L - homoarginine 5 7 % 

3 0 L-argininamide 98% 

It will be appreciated by those 
skilled in the art that the invention can be 
performed within a wide range of equivalent 
parameters of composition and conditions without 
3 5 departing from the spirit or scope of the 
invention or of any embodiment thereof. 
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CLAIMS 

1. A method of inhibiting mammalian hair 
growth which comprises 

selecting an area of skin of a mammal 
5 from which reduced hair growth is desired; and 

applying to said area of skin an 
inhibitor of nitric oxide synthetase in an 
amount effective to reduce hair growth. 

2. The method of claim 1, wherein said 
10 inhibitor is N G -methyl-L-arginine, N G -ni tro-L- 

arginine, N°-nitro-L-arginine methyl ester, N G - 
ni tr o - L - arginine benzyl ester, Na-acetyl-L- 
arginine , Na -benz oy 1 - L - arginine , Na -benzoyl - L - 
argininamide, Na -benzoyl -L- arginine methyl 
15 ester, L-homoarginine or L-argininamide . 

3. The method of claim 1, wherein said 
inhibitor is an irreversible inhibitor. 

4. The method of claim 1, wherein said 
inhibitor is applied as part of a composition 

2 0 comprising a dermatologically acceptable 

vehicle . 

5. The method of claim 4, wherein the 
concentration of said inhibitor in said 
composition is between 1% and 3 0%. 

25 6. The method of claim 4, wherein the 

composition provides a reduction in hair growth 
of at least 30%, preferably at least 50%, more 
preferably at least 70%, when tested in the 
Golden Syrian hamster assay. 

30 7. The method of claim 1, wherein said 

inhibitor is applied to the skin in an amount of 
from 100 to 3 000 micrograms of said inhibitor 
per square centimeter of skin. 

8. The method of claim 1, wherein said 

3 5 inhibitor when tested in the hair follicle 

nitric oxide synthetase inhibition assay 
inhibits nitric oxide synthetase activity by at 



i 
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least 30%. 

9. The method of claim 1, wherein said 
mammal is a human. 

10. The method of claim 1, wherein said 
5 area of skin is on the face, a leg, an arm, an 

armpit or the torso of the human. 

11. A method according to any one of 
claims 1 to 10, wherein said applying of said 
inhibitor has a cosmetic effect. 

1° 12 . A method of producing a composition 

for inhibiting mamm alian hair growth, which 
comprises selecting an inhibitor of nitric oxide 
synthetase, and combining said inhibitor, in an 
amount effective to reduce hair growth, with a 

15 non- toxic, derma tologically acceptable vehicle 
or carrier. 

13. A method according to claim 12, 

wherein said vehicle, or carrier is adapted to be 
spread upon the skin of a mammal • 

2 0 14. A method according to claim 12, 

wherein a cosmetic composition is produced. 
15. A method according to claim 12, 

wherein said inhibitor is as defined in any one 
of claims 2 to 8 . 
25 16. The new use of an inhibitor of nitric 

oxide synthetase for reducing hair growth. 

17. A composition when used for inhibiting 
mammalian hair growth, which includes an 
inhibitor of nitric oxide synthetase in an 

3 0 amount effective to reduce hair growth, and a 

non- toxic, derma tologically acceptable vehicle 
or carrier. 

18. A composition according to claim 17, 
wherein said inhibitor is as defined in any one 

35 of claims 2 to 8 . 

19. A composition according to claim 17, 
which is a cosmetic composition. 
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